Ϫ using velocity-map photoelectron imaging. In all cases, features are observed that correlate to two channels producing either I( 2 P 3/2 ) or I( 2 P 1/2 ). In the photodetachment of I Ϫ and I
Ϫ
•Ar, the branching ratios of the 2 P 1/2 and 2 P 3/2 channels are observed to be Ϸ0.4, in both cases falling short of the statistical ratio of 0.5. For I Ϫ •H 2 O and I Ϫ •CH 3 I, the 2 P 1/2 to 2 P 3/2 branching ratios are greater by a factor of 1.6 compared to the bare iodide case. The relative enhancement of the 2 P 1/2 channel is attributed to dipole effects on the final-state continuum wave function in the presence of polar solvents. For I Ϫ •CH 3 CN the 2 P 1/2 to 2 P 3/2 ratio falls again, most likely due to the proximity of the detachment threshold in the excited spin-orbit channel. The photoelectron angular distributions in the photodetachment of I Ϫ , I
I. INTRODUCTION
Due to the elegant convenience of simultaneously measuring both the speed and angular distributions, the imaging technique 1 has become a widely accepted tool in the studies of neutral and charged species in gas-phase experiments. 2, 3 The imaging approach to negative-ion photoelectron spectroscopy 4 allows distinct advantages. First, photoelectron spectra can be measured with uniform sensitivity for all electron kinetic energies ͑eKE͒, up to the maximum-eKE limit of the detection range. This feature of imaging proved to be extremely beneficial in probing near-threshold and indirect detachment processes that yield low-eKE electrons. [5] [6] [7] Second, the energy-resolved photoelectron angular distributions ͑PAD͒ are also determined in a straightforward manner, providing direct and often highly visual insights into the electronic structure of the parent anions. [8] [9] [10] In recent years, these facets of imaging have been applied to atomic, molecular, and cluster anions, yielding a wealth of information about the species from which the detachment takes place. 5,6,8 -18 The technique also shows promise as a tool to study the evolution of the electronic structure as a chemical reaction unfolds, serving as a powerful extension of femtosecond photoelectron spectroscopy. [19] [20] [21] [22] In using photoelectron images to elucidate the electronic structure of parent anions, the effect of surrounding molecules needs to be understood. Intermolecular interactions are the focus of the studies of clusters [23] [24] [25] and collision processes. They also play an important role in time-resolved dissociation experiments, since the fragments necessarily start out in close proximity. These considerations motivate our continuing studies of the effect of solvent interactions on the electronic structure of anions, with a particular emphasis on the PADs arising from the photodetachment processes.
We have recently carried out a series of photodetachment imaging experiments on cluster anions involving molecular core-anion and solvent species. 8, 10, 14, 17, 18 These studies shed light on the electrostatic and covalent interactions implicated in homogenous and heterogeneous solvation of molecular anions. In the present work, we turn to solventinduced effects in the photodetachment of an atomic anion. The reduced number of degrees of freedom and the availability of tested theoretical models pertaining to atomic-anion photodetachment, coupled with the advantages afforded by imaging, allow for more detailed understanding of solvation effects on the photodetachment dynamics.
The core anion chosen in this study is I Ϫ . Its spectroscopy is well characterized, 26 -28 but the channel branching ratios in the photodetachment experiments warrant additional discussion. 29 Four solvent species ͑Ar, H 2 O, CH 3 I, and CH 3 CN) are chosen to examine the effects of solvation on the electronic structure and detachment dynamics. The choice of the solvation partners is dictated by the different interactions implicated in the corresponding cluster anions. The I Ϫ •Ar anion is a relatively weakly bound cluster, in which the dominant interaction is due to the polarizability of the closed-shell, spherically symmetric Ar atom. The molecular solvents are bound to the anion by stronger electrostatic interactions involving significant dipole moments, which can potentially affect not only the energetics but also the dynamics of the detachment. While this is the case for all three molecular solvents studied, only CH 3 CN is capable of forming a dipole-bound anion in isolation. 30, 31 Methyl iodide is also of special interest, because the structure of I Ϫ •CH 3 I cluster anion is representative of the entrance channel of the S N 2 reaction I Ϫ ϩCH 3 I→ICH 3 ϩI Ϫ .
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The five anions in this work had been extensively studied through photoelectron and ZEKE spectroscopies 30, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] and thus the cluster structures are fairly well known. The spectra all appear to reflect the detachment from I Ϫ , with the transition energies reflecting the solvent-induced stabilization of the bound orbitals of the anion relative to the lowest unoccupied orbital of the neutral. However, in the previous studies of I 
II. EXPERIMENTAL APPARATUS
The experimental apparatus is described in detail elsewhere. 9 In brief, it employs the ion generation and mass analysis techniques of Lineberger and co-workers, 44, 45 combined with a velocity mapped, 46 imaging 1 scheme for detection of the photoelectrons.
The anions are formed in an electron impact ionized pulsed supersonic expansion of a precursor gas mixture, which includes undried carrier gas ͑Ar͒ and the desired solvent vapor, seeded with the ambient pressure of I 2 . The resulting gas, at a total stagnation pressure of 40 psi ͑gauge͒, is expanded through a pulsed 70 Hz nozzle ͑General Valve Series 9͒ into a region with a base pressure of 10 Ϫ6 Torr, rising to 2ϫ10 Ϫ5 Torr when the valve is operated. For the preparation of I Ϫ •CH 3 I, a 5% concentration of methyl iodide is used. For I Ϫ •CH 3 CN, the ambient vapor pressure of acetonitrile is mixed with that of iodine prior to expansion. In the experiments on I Ϫ •H 2 O, residual vapor within the gas delivery lines serves as a source of H 2 O.
The supersonic expansion is crossed with a 1 keV electron beam and the resulting anions are pulse extracted into a Wiley-McLaren time-of-flight mass spectrometer. 47 Toward the end of the flight tube, the ions enter the detection region with a typical base pressure of 3ϫ10 Ϫ9 -5ϫ10 Ϫ9 Torr, where mass spectra are recorded using a dual microchannel plate ͑MCP͒ detector ͑Burle, Inc.͒. Prior to impacting the detector, the ion beam is crossed with the frequency tripled output from an amplified Ti:Sapphire laser system ͑Spectra Physics, Inc., 1 mJ, 100 fs pulses at 800 nm͒. The 267 nm light is generated by mixing the fundamental and the second harmonic in the super tripler harmonics generator ͑Super Optronics, Inc.͒, giving 20 J/pulse with a 4.4 nm bandwidth. The linearly polarized beam is mildly focused using a 1 m focal length lens positioned Ϸ0.5 m before the crossing of the laser and ion beams.
Photoelectrons are detected in the direction perpendicular to the plane containing the ion and laser beams. A 40 mm diameter MCP detector with a P47 phosphor screen ͑Burle, Inc.͒ is mounted at the end of an internally -metal shielded electron flight tube. The direction of the laser polarization is maintained parallel to the imaging detector plane, as required for data analysis based on the inverse Abel transformation techniques. 2, 48 Images are recorded from the phosphor screen using a charge-coupled device ͑CCD͒ camera ͑CoolSnap, Roper Scientific, Inc.͒ and are typically averaged for (1 -3)ϫ10 4 experimental cycles. To discriminate against experimental noise, the potential difference across the two imaging MCPs, maintained at 1.0-1.2 kV total, is pulsed up to the normal operational level of 1.8 kV for a 200 ns window timed to coincide with the arrival of the photoelectrons. All images in Fig. 1 were recorded under the same electron imaging lens 46 conditions and are presented on the same velocity scale. Thus, the radii of the bands, which vary with M, reflect the solvent-dependent energetics of the electron detachment. In addition, the following two effects are apparent upon inspection of the images. First, a significant enhancement of the excited spin-orbit channel is observed in the detachment of I •CH 3 I, as seen in Fig. 1͑c͒ . The ͑nearly͒ isotropic PAD contrasts this cluster anion with all other systems studied in this work.
III. RESULTS AND ANALYSIS
The images in Fig. 1 represent the projections on the detector plane of the probability density distributions ͑i.e., ͉͉ 2 ) of the final state of the photodetached electron in the three-dimensional linear-momentum ͑velocity͒ space, averaged over random orientations of the parent anions in the laboratory frame. To determine the corresponding energy and angular distributions, the original three-dimensional distributions must be reconstructed. This task is accomplished by the inverse Abel transformation, 2 which makes use of the cylindrical symmetry imposed on the photoelectrons by the linear polarization of light used in photodetachment. In this work, the analysis is carried out using the Reisler group's basis set expansion program ͑BASEX͒, 48 which yields both the energy spectra and PADs corresponding to the experimental images.
The photoelectron spectrum of I Ϫ in Fig. 1͑a͒ exhibits two transitions corresponding to the two spin-orbit channels, separated by 0.94 eV. The widths of the peaks reflect the convolution of the laser bandwidth with other experimental broadening factors. The stabilizing effect of the solvent is clearly seen in the cluster-anion spectra, where the transitions are shifted to lower eKE compared to I Ϫ . The data in Figs. 1͑b͒-1͑e͒ are presented in order of increasing solvation energy. The spectra were analyzed through Lorentzian line fitting and thus determined positions of the transition maxima, along with the magnitudes of the solvent-induced spectral shifts, are summarized in Table I .
Of the advantages of imaging discussed in the Introduction, particularly important for this work is the uniform detection sensitivity for all photoelectrons up to the maximumeKE limit. This experimental feature provides for an accurate determination of the channel branching ratios, which can be obtained from the integrated spectral peak intensities deduced from the Lorentzian fits. The 2 P 1/2 to 2 P 3/2 channel branching ratios obtained in this work are summarized in Table I . Consistent with the qualitative features of the images in In the I Ϫ
•CH 3 I case, additional structure, discussed previously by Johnson and co-workers, 32, 49 can be discerned in the photoelectron spectrum in Fig. 1͑c͒ . Although too weak to have a significant effect on the Lorentzian peak fitting procedure, this structure is superimposed on the lower-eKE wings of both spin-orbit channels. While hardly seen in the 2 P 3/2 channel, it is partially resolved in the 2 P 1/2 band, as shown in the inset in Fig. 1͑c͒ . Its emergence in the excited spin-orbit channel is due to the improved absolute energy resolution for slower photoelectrons. The approximate spacing of 560 cm Ϫ1 between the features on the 2 P 1/2 band wing is consistent with excitation of the C-I stretch in neutral CH 3 I. 32, 49 The PADs resulting from one-photon detachment using linearly polarized light can be, in general, characterized by the anisotropy parameter ␤, [50] [51] [52] determined by fitting the function I͑ ͒ϭ͑ /4 ͓͒1ϩ␤ P 2 ͑ cos ͔͒ ͑1͒
to the angular distributions derived from the images. In Eq. ͑1͒, is the total detachment cross section, used here as an arbitrary fitting parameter, is the angle between the laser polarization axis, and the photoelectron velocity vector, and P 2 (cos ) is the second-order Legendre polynomial. The ␤ values obtained from the images in Fig. 1 are summarized in Table I . 
IV. DISCUSSION
In many cluster anions, the excess electron is largely localized on a well-defined core moiety. In the cluster anions studied in this work, this moiety is the iodine atom, its electron affinity being much greater than that of any of the solvating species used. 53 When considering the detachment processes in these clusters, a logical starting point is the photodetachment from bare I Ϫ . By itself, I Ϫ is a closed shell species, for which the lowest detachment transition, under the one-electron approximation, involves removal of an electron from a 5p atomic orbital. Spin-orbit interaction in the residual open-shell atom gives rise to two distinct final states, the lower 2 P 3/2 state and the upper 2 P 1/2 state, separated by 0.94 eV. 26 All photoelectron images in this work bear signatures of I Ϫ photodetachment with narrow spectral features.
We will discuss two types of solvent effects. The first concerns the 2 P 1/2 : 2 P 3/2 transition branching ratio, which varies significantly throughout the series of the cluster anions studied. The second concerns the photoelectron anisotropy, particularly the anomalously nearly isotropic nature of I Ϫ •CH 3 I photodetachment. The starting point for these discussions is the detachment of I Ϫ , which is used as a reference system for interpreting the results for the solvated species.
A. Branching ratios

In I
Ϫ photodetachment, the statistical 2 P 1/2 : 2 P 3/2 channel branching ratio is 0.5, as determined by the (2Jϩ1)-fold degeneracy of the corresponding 2 P J neutral states. The branching ratio of 0.38 observed in the photodetachment of bare I Ϫ deviates from this expectation, indicating that the final-state populations are determined not only by the channel statistics, but also by the relative cross sections, which are in turn affected by the dynamics of photodetachment.
In I Ϫ , the initial state of the electron is characterized by the orbital angular momentum quantum number ᐉϭ1. Under the electric-dipole selection rule, s and d partial waves are formed in the one-photon process. Unlike photoionization of a neutral atom, in negative-ion photodetachment the departing electron interacts with a neutral residue, with no Coulomb attraction. The shorter-range higher-order interactions, for which the magnitude of the long-range potential decays faster than 1/r 2 , are not sufficient to suppress the centrifugal barrier for waves with ᐉϾ0. Therefore, the corresponding partial cross-sections scale differently with eKE, generally conforming to the Wigner law near the detachment threshold. 54 The photon energy employed in the current work is some way from threshold and the purely Wigner region, 55 however, the overall qualitative trend in channel cross sections in this energy regime is to increase with eKE. Owing to this trend, one expects larger cross sections per M J -channel in the detachment leading to the 2 
28,56 -63 These semiempirical treatments have been applied with some success to detachment leading to a ground-state neutral atom. However, ignoring many-body interactions and the effect of the remaining neutral core on the detachment process, inherent in the one-electron models, limits their success in applications to highly polarizable atoms, as well as atoms with large electron affinities and detachment channels leading to excited neutral states.
More accurate treatments taking into account many-body effects are outlined in a review by Ivanov. 64 Methods based on the relativistic random phase approximation, [65] [66] [67] have been applied to the study of halide-anion detachment cross sections. For detachment from the 5p orbital, the branching ratio is predicted to favor the 2 P 3/2 neutral state with a greater than statistical weight for photon energies up to ϳ9 eV. The experimentally observed nonstatistical 2 P 1/2 : 2 P 3/2 branching ratio of 0.38 is in good agreement with the prediction by Kutzner et al. 67 Thus, although 267 nm is sufficiently far from both detachment thresholds for cross sections to deviate from the Wigner law, the partial cross sections are still increasing with photoelectron energy in this energy range. Hence, the energy difference between the two neutral states causes the observed deviation from statistical behavior. Ϫ . In interpreting these data, it is helpful to examine the effects of solvation on photodetachment cross sections observed elsewhere.
Johnson and co-workers measured the total detachment cross section as a function of wavelength for the series of hydrated iodide clusters I Ϫ (H 2 O) n , nϭ0 -6. 34 Their experiments showed that hydration changes the detachment trends. For bare I Ϫ , the total cross section rises gradually with energy above the 2 P 3/2 threshold and shows another sharp increase at the 2 P 1/2 channel opening. In the presence of water molecules, it exhibits a well-defined maximum above the 2 P 3/2 threshold followed by a decrease all the way to the 2 P 1/2 channel opening, which marks another sharp rise and a subsequent decrease. Another striking example of nearthreshold enhancement of the detachment cross section is found in the Johnson's group work on I Ϫ •CH 3 CN, 29 where the cross section is dominated by a sharp near-threshold peak attributed to a dipole-bound state.
The existence of cross-section maxima indicates competition of two different trends. The first is the overall increase in detachment cross sections with increasing energy, as discussed above for the bare I Ϫ case. The second, hydrationinduced mechanism works in the opposite direction, increasing the cross sections in the near-threshold regions of small eKE. Johnson's explanation for the enhanced near-threshold cross sections invokes the long-range attractive potential due to the polar water molecules, which partially localizes the final-state continuum wave function in the vicinity of the core. 34 As the energy increases, the cross section for a given channel drops, as the continuum wave function becomes more delocalized, reducing its overlap with the initial bound state.
With regard to the present measurements, we are nearer threshold in the 2 P 1/2 channel, and hence its cross section is relatively enhanced in a similar way in the presence of polar solvents. Thus, the localization of the continuum wave function near the core, suggested by Johnson and co-workers, 34 can explain the increased yield of the upper spin-orbit channel in I 34 we measure the branching ratio at a single energy only. The 2 P 1/2 channel threshold in I Ϫ •CH 3 CN is quite close to the 267 nm photon energy, giving eKEϭ0.14 eV. In this regime, the continuum wave function is dominated by s-wave detachment, whose cross section diminishes rapidly with decreasing eKE ͑as ϰeKE 1/2 in a pure Wigner case͒. Being closer to the detachment threshold than any other system studied, the cross section for this channel may be correspondingly reduced by near-threshold effects. It must be pointed out, however, the difference between the electron kinetic energies in the 2 31, 42 However, the energy supplied in the present case is 4.6 eV, exceeding even the upper spin-orbit channel threshold by 140 meV. Varying the detachment energy may shed light on this issue. An important caveat is that if the detachment energy is increased by more than a few hundreds of meV, the eKE of the 2 P 3/2 channel moves into the region where dissociative electron attachment to CH 3 CN may occur, yielding CH 3 ϩCN Ϫ . 68 The opening of this additional channel will have the effect of reducing the observed 2 P 3/2 photodetachment cross section.
B. Photoelectron angular distributions
Photoelectron anisotropy is known to be, in general, eKE dependent. Thus, it is no surprise that the ␤ values summarized in Table I vary from image to image and, in most cases, between the transitions in a given image. Since the photodetached electron initially resides mainly on the iodine atom, we will again begin with a discussion of its detachment as an atomic process and then examine the effects of the solvent.
In the atomic picture, the observed PAD arises from interference between the s and d partial waves formed in the detachment from a 5p orbital. Cooper and Zare developed a model for photoelectron angular distributions, in which the detached electron moves in the central potential due to the atomic residue. 51, 52 The parameters in this model are the initial orbital angular momentum quantum number ᐉ, the phase angles and dipole radial matrix elements R ᐉ Ј corresponding to the emitted waves ͑described by ᐉЈϭᐉϮ1͒. Hanstorp et al. 69 simplified this formalism by further assuming that the wavelength of the free electron is large compared to the size of the initial state and that there is no interaction between the departing electron and the neutral-atom residue. Under these assumptions, the ratio of the final-state radial matrix elements varies linearly with eKE: R ᐉϩ1 /R ᐉϪ1 ϭAE, where E ϵeKE and A is the proportionality coefficient. This simplification allows the calculation of ␤ according to the following equation:
where is the relative phase of the ᐉЈϭᐉϮ1 partial waves.
Hanstorp et al. applied this model to detachment from a p orbital in the O Ϫ case, 69 where, similar to I Ϫ , AE is also the ratio of the d to s radial matrix elements.
The application of this model to the present data is shown in Fig. 2͑a͒ . Different symbols ͑with the exception of the crosses͒ correspond to the experimental ␤ values obtained for bare I Ϫ at various wavelengths 17, 22 and the cluster anions studied in this work. The solid line represents Eq. ͑2͒ for ᐉϭ1, optimized for agreement with the experimental data for I Ϫ by varying A and cos with a nonlinear fitting procedure using the Levenberg-Marquardt method. 70 The parameters used are Aϭ0.4932 eV Ϫ1 and cos ϭ0.8617. The 95% confidence and prediction limits are also shown by the dashed and dotted lines, respectively. These limits also encompass the experimental points for I Ϫ obtained by the groups of Lineberger 71 and Neumark 21 ͑open squares and triangle, respectively͒, giving further confidence in the present results. Comparing the model predictions to the cluster-anion data, we conclude that the I Ϫ •M PADs are described well in terms of direct atomic-anion photodetachment, with the notable exception of I Ϫ •CH 3 I. In the above analysis, it was assumed that the solvent acts as a mere spectator in the process of photodetachment of atomic iodide. However, for cluster anions it may be unrealistic to assume that the neutral residue does not interact with the departing electron, especially in the case of polar solvents. The dipole moment of the neutral I•Ar complex is indeed small ͑ϳ0.01 D, estimated by an HF/3-21G calculation using GAUSSIAN98 ͑Ref. 72͒ at the experimentally determined cluster-anion geometry 33 Hence one can expect considerable electron-dipole interactions in these systems. The effect of these interactions on the free-electron wave cross sections can be modeled following the work of O'Malley. 74 In the limit of a small dipole moment of the neutral residue in near-threshold photodetachment, the cross section of a partial wave characterized by an angular momentum quantum number ᐉЈ scales as
where ϭ͓(ᐉЈϩ1/2) 2 Ϫ͔
, k is the linear momentum of the free electron and is the dipole moment of the neutral residue ͑in atomic units͒. For large , the partial-wave cross section is given by
where Јϭ͓Ϫ(ᐉЈϩ1/2) 2 ͔ 1/2 and ␦ is a phase factor. The transition between the small and large dipole-moment regimes occurs at ϭ(ᐉЈϩ1/2) 2 . The ratio of ᐉϩ1 and ᐉϪ1 calculated using either Eq. ͑3͒ or Eq. ͑4͒ can be used to determine the ratio of the dipole matrix elements in Eq. ͑2͒. Assuming that only the radial part varies with eKE, we obtain R ᐉϩ1 /R ᐉϪ1 ϭ( ᐉϩ1 / ᐉϪ1 ) 1/2 and Eq. ͑2͒ takes the form,
where the linear momentum and hence eKE are accounted for in the calculation of the cross sections. This approach is tested in Fig. 2͑a͒ for ϭ0 , when Eq. ͑5͒ should become identical to Eq. ͑2͒. The series of crosses representing Eq. ͑5͒ fall exactly on the solid line generated by Eq. ͑2͒ using the same relative phase angle. Equation ͑5͒ can now be used to account for the electron-dipole interactions. The dotted, dashed and dashdotted lines in Fig. 2͑b͒ were generated using Eq. ͑5͒ for the detachment of I •CH 3 I case is much more isotropic than expected from simple arguments, either treating the CH 3 I molecule purely as a spectator or taking the dipole moment of the neutral cluster into account. In addition, in higherresolution energy-domain work, 39 the 2 P 3/2 transition in I Ϫ
•CH 3 I photodetachment seems to be uncharacteristically narrow.
In considering the anomalous lack of photodetachment anisotropy in the I Ϫ •CH 3 I case, one may look for clues in the photochemical properties of the solvent molecule. An important difference in this regard between H 2 O and CH 3 CN, on the one hand side, and CH 3 I, on the other, is that neither water nor acetonitrile absorb 267 nm light, 75, 76 while methyl iodide does. 77 Regardless of the exact mechanism, the availability of accessible excited electronic states in CH 3 I must be key to interpreting the experimental results.
The I Ϫ
•CH 3 I anion has been studied quite extensively. 30, 32, [37] [38] [39] [40] 73, 78 The overall behavior of the photoabsorption cross section reflects competition between photofragmentation and photodetachment. Near the detachment threshold the I Ϫ •CH 3 I photoexcitation spectrum ͑measured by detecting I Ϫ fragments͒ displays two narrow bands separated by the spin-orbit splitting of iodine. 40 These correspond to electron transfer and subsequent dissociation of the CH 3 I molecule. The yield of I Ϫ photofragments from I Ϫ
•CH 3 I decreases rapidly above the detachment threshold, with no ionic products seen at the wavelength of the present experiment. 40 On the other hand, the 267 nm photon energy is well above the dissociation limit for CH 3 I ͑2.4 eV͒ and therefore one may question whether direct absorption by the solvent molecule followed by its dissociation plays a role in the observed dynamics. In isolated CH 3 I dissociation, both I( 2 P 3/2 ) and I( 2 P 1/2 ) are produced at 266 nm, with a 2 P 1/2 : 2 P 3/2 branching ratio of 70:30. 79,80 In I Ϫ
•CH 3 I, the dissociation of the methyl iodide group would produce a methyl radical recoiling in the direction of the I Ϫ with roughly 1-2 eV of kinetic energy depending on the final state of the iodine fragment. The CH 3 ϩI Ϫ collision would occur on a repulsive potential energy surface, which crosses the neutral CH 3 I potential. 81 The neutral surface has a minimum located 0.6 eV above the CH 3 ϩI Ϫ asymptote. Thus, the energy release from the solvent dissociation is sufficient to reach the autodetachment continuum in the transient ͓CH 3 I͔ Ϫ collision complex. Subsequent autodetachment would yield a more isotropic PAD, compared to a direct photodetachment process, consistent with the experiment. Energetically, the detachment would still occur from the same electronic state as the direct process, resulting in a photoelectron energy spectrum with the two I( 2 P 1/2,3/2 ) product channels. Nonetheless, while this reactive mechanism is qualitatively consistent with the overall features of the I Ϫ •CH 3 I photoelectron image, it can be effectively ruled out, because the cross section for CH 3 I photodissociation at 267 nm is 30-40 times smaller than that for direct photodetachment of I Ϫ . 27, 82 A more plausible explanation for the anomalous PAD in the I Ϫ •CH 3 I case is the existence of a scattering resonance. Experimental studies of electron-methyl iodide scattering have been carried out over a wide range of eKE ͑0-100 eV͒. [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] A resonance observed to peak at ϳ2 eV in electron scattering from methyl halides has been attributed to electron capture into the C-X * lowest unoccupied molecular orbital. 83, 84, 93, 96, 97 This resonance is of interest for the current data, because it falls very close to the 2 P 3/2 channel. In addition, the scattering cross section increases as the energy decreases below 0.5 eV, into the 2 P 1/2 channel domain. Thus, it does not seem unreasonable that the detached electron could be scattered from the neutral solvent molecule.
The presence of a scattering resonance is expected to affect the relative phase angle in Eq. ͑5͒, causing a change in the ␤ value. Prediction using any value of cos that is independent of eKE is inadequate in this case. Benitez et al. 93 used correlation between electron transmission spectra and inner-shell excitation spectra to deduce the presence of a shape resonance in CH 3 Ϫ , lies at ϳ7.9 eV. 100 Electron scattering experiments on CH 3 CN reveal a * shape resonance at 2.9 eV, 101 again significantly higher in energy than the eKEs in the present work. 94 Therefore, of all cluster anions studied here, electron-solvent scattering resonances can play a role only in I Ϫ •CH 3 I, possibly contributing to the anomalously isotropic PAD observed in this case. Ϫ . The crosses ͑ϩ͒, which fall exactly on the solid curve, represent ␤ values calculated using the modified approach of Eq. ͑5͒ with zero dipole moment. Also shown are the 95% confidence limits ͑dashed lines͒ and 95% prediction limits ͑dotted lines͒, determined as described in the text. The graph in ͑b͒ shows the effect of including the dipole moment of the neutral residue on the detachment anisotropy, as modeled using Eq. ͑5͒. The dotted line corresponds to I 
V. SUMMARY
Photodetachment from a series of monosolvated iodide cluster anions has been studied through photoelectron imaging with particular emphasis on the spin-orbit channel branching ratios and photoelectron angular distributions. The solvated anion photoelectron images are examined in comparison to bare I Ϫ . In the case of I Ϫ •Ar, the solvent atom has little effect on the angular distribution and the 2 P 1/2 to 2 P 3/2 channel branching ratio. In I Ϫ •H 2 O photodetachment, the effect of the solvent on the PAD is consistent with the predictions of the Cooper-Zare central-potential model, once the hydration-induced energetic shift of the detachment bands is taken into account. However, the 2 P 1/2 : 2 P 3/2 channel branching ratio is significantly affected by the presence of the polar water molecule and the excited spin-orbit channel is enhanced by more than 60% relative to the bare I Ϫ case. This enhancement is consistent with previous crosssection measurements in hydrated iodide systems 34 and attributed to dipolar effects on the final-state continuum wave function. In the case of I Ϫ •CH 3 CN, the 2 P 1/2 to 2 P 3/2 branching ratio is surprisingly much smaller than that for I •CH 3 I do not fit into the picture of direct photodetachment from the I Ϫ cluster core, even when the dipole effects are taken into account. The alternative scenarios include a photoinduced bimolecular reaction within the cluster yielding an autodetaching product and photoelectron scattering by the solvent molecule. While the former mechanism is effectively ruled out by consideration of the small dissociation cross section ͑relative to detachment͒, electron scattering from the solvent is indeed likely to play a role, because of the existence of low lying scattering resonances in the CH 3 I Ϫ continuum.
